M
ANY methods of ascertaining shunt function in treated hydrocephalic patients have been presented? ,o The complexity of these determinations has limited their clinical applicability, especially in pediatric services with a parade of irritable, vomiting children. In the past 4 years at the Children's Hospital, Columbus, Ohio, we have used a simple test, the shuntgram, as a reliable adjunct in the diagnosis of shunt function.
Clinical Material and Methods
All patients undergoing evaluation of shunt function between January, 1971, and December, 1973, for whom complete records were available were included in this study, for a total of 131 determinations in 91 patients. Approximately one-half of the data was obtained as a prospective study. The mean follow-up was 18 months. Table 1 summarizes the patient population. 45  meningomyelocele  42  encephalocele  3  congenital  28  acquired :  18  trauma, SAH  6  infection  5  tumor  5  other  2  communicating  50 ~o  noncommunicating  50 7o * SAH = subarachnoid hemorrhage.
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The technique involves meticulous surgical preparation of the skin overlying the valve and percutaneous cannulization with a 25-gauge needle. Aspiration is attempted followed by injection of 2 cc of Conray-60 dye. The first x-ray film is taken during injection of dye. Exposure time is 1/60 sec or less; slower times fail to "freeze" the distal catheter, which moves with each heartbeat. Additional films are obtained at 3-minute intervals until clearing occurs. If no clearing occurs after the 9-minute film, the shunt is pumped and a final film is taken. Depending on the ease of aspiration and injection, the clearing time, and the presence or absence of leaks, kinks or mesothelial sleeves, the shunt is placed in normal, abnormal or questionable categories. Table 2 summarizes the results and follow-up times for each of these categories. Times listed are related to the date of implantation of the shunt being tested.
Results

The Normal Shunt
We have considered the shunt normal if cerebrospinal fluid (CSF) is easily aspirated and injected, if no mechanical disruptions, sleeves or kinks are seen and if the shunt empties in 3 minutes (Fig. 1) . In this series of 131 determinations, 49 were considered normal; of this group only 10 patients were reshunted over the following 17 months, with two reshunted within the first week. Both patients with shunt revisions in the first week were assessed early in the series before the requirements for short x-ray exposure and injection during the first filming were fully appreciated. If one considers these two patients as failures, the diagnostic accuracy was 96%. The mean intracranial pressure when measured in this group was 80 mm CSF.
The Abnormal Shunt
The shunt was considered abnormal if aspiration or injection was difficult and it failed to clear in 9 minutes, if an obvious disconnection (Fig. 2) , block or sleeve was demonstrated, or if the shunt failed to clear after pumping (Fig. 3) . Of 63 determinations in the abnormal group, 46 shunts were revised in the first week and half of these in the first 48 hours. The mean intracranial pressure of those measured was 295 mm CSF.
Ft~. 1. The normal shuntgram. Left: One to 2 cc of CSF were aspirated from the Holter reservoir, and 2 cc of Conray dye were injected while this picture was made. There are no structural abnormalities. Right: Three minutes later there is complete clearing (arrow).
Shunt function test: the shuntgram
The Questionable Shunt
All shuntgrams not fitting into the two categories found above were placed in the questionable group. This group included shunts where CSF was easily aspirated and injected and which showed no mechanical reason for block, yet required 6 minutes or longer for the contrast material to clear; and shunts which cleared in 3 minutes, yet showed kinking, mesothelial sleeve, dislocation, or difficulty in aspirating or injecting (Fig. 4) . Of 19 shunts placed in this category, 10 patients required revisions over the next 14 months, seven within the first week. Five patients had simultaneous measurement of the ventricular pressure which averaged 102 mm CSF.
FIG. 2. Abnormal shuntgram. Injected Conray dye extravasates through a shunt disconnection in the neck (arrow).
Comment
Our experience is mostly with the Holter ventriculojugular shunt system, and data may only be applicable to venous or cardiac shunts. Figure 5 shows a similar determination for a functioning Pudenz ventriculojugular shunt, and Fig. 6 shows a Holter ventriculoperitoneal shunt functioning normally.
F~. 3. Abnormal shuntgram. Left: The tip of the venous catheter is at the T-3 level (large arrow).
There is reflux of Conray dye through a mesothelial sleeve (small arrows). Right." Twelve minutes later, after pumping reservoir, there is no clearing (arrow). There have been no complications associated with multiple perforations of the Holter valve. No patient has subsequently developed a shunt infection. On one occasion the needle was inadvertently passed through the reservoir into the subarachnoid space of a young child (Fig. 7) , but there were no sequelae. An air block causes slow emptying and the test must be repeated, usually after a 24-hour delay if an air bubble becomes trapped in the valve or catheter. There are no significant complications of percutaneous cannulization of the shunt reservoir, and in our hands the diagnostic predictability of a "normal" shuntgram is 96%.
